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(54) METHOD FOR GENERATING THRESHOLD MATRIX AND METHOD AND DEVICE FOR 
BINARIZING IMAGE 

(57)Abstract: 

PURPOSE: To reproduce sharp edges in an image in a more 
excellent way than that of a conventional technology using -j 
dots and to prevent production of an interference pattern 
such as moire or rosette pattern when a color printed matter 
is reproduced. 

CONSTITUTION: A threshold matrix area is divided into plural 
submatrices Tij whose size is equal to each other and a 
difference among plural threshold levels included in each sub- 
matrix Tij is set to a prescribed. Furthermore, plural threshold 
values in each sub-matrix Tij are arranged at random. When 
the sub-matrix is a 2x2 matrix, eight ways of patterns are in 
existence, in which two comparatively smaller threshold 
values in the four threshold values in the sub-matrix are 
arranged diagonally and two comparatively larger threshold 
values are arranged diagonally. The threshold matrix with a 

high space frequency and capable of reproducing smoothly j >-G3 

gradation is generated by selecting at random one pattern 
among the eight ways of the patterns. 
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1 

(57) [#tf«#0>*Kffl] 

[«#S 1 ] £«Wfflfc7W Sr 2 ffifb-fSIBtttffl 

BUfi^ h y ^XfiMl XM2 Hffi^ h y ^X (Ml M 

Ig (a) tt, Ml XM2 h y ^xS*l^{C$4ix5 
#2 x 2f-^V h y ?xrtO4o<OMffi0>E?iJS:, Jfctfc 



2 

St'fcot, (b) BWfiE5»j3ftS2^^ft*5* 

t(Z)Ml XM2 Bffi-^ h y ^x£r£j5E-r5Xgi. 
'(c) fiuf^ftcOMl XM2 Biffin h y ^£:Ifi?iJLT 
#bix5Ll XL2 Wft-rby^^ (LI , L2 fc^tl 
•ettMl , M2 OKSc«<DS») ^ttt^Igi^ 

&\ .B«fi^ h y 9 * <Dim%m 0 

[If *«4 ] f»*3S i fStt^Hffi^ h y fXtDftf&j, 

nft-^ h y ^^hmxmsw^ h y (M(i2 N COS 

it Ntt2£JLhtf)iaS) 
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(2) #rF 3 1 1 3 5 2 4 

3 4 
Ig(a) fi, MXMv h y ^*®$rttb£*;Jx5#2 #ffiS (i; j) K*3^Tgi£a ij, bij, c ij, 

x b ] J ?*Tij (i, j fifuEMXM-r h y ^ dij(7)fttDffi^^-yr^7>^^tc*£1-§XS5r^ 

^■^SHi i] 

i,j : i=l~-M, j=l-M 

N : 2 N =M t 521UJh<OMm 

MOD(x,y) : $£$bc£rg?gcy-e$l ofc^<9 

GN : MXM - ? h y ^XK#*tL^5 4 X 4-9-^-? h ]) ^*<Z>|@t& (=-^-) 

4x4 

a u- b * c «> d ii : ^2 x K U * ^Tyc^T, 0~ 3<^i=*tj&vio<£>te 

[it#S5] ft*JS 4 isaw Biffin h V ?*<T>Vf$L13 mmr? Y ]) ?*ttMXMg?{it-7 h y (Mtt2" (DM 

IS (a) (i, £bK, mifS.^em (i.J) f-fcttS Ig (a) (3, S^^ioTSfc-^ft.S^hy^T 
SfCaij, bij, cij, dijWffiWia^-e-^^r, Ot Miwi ^MXMlfv l> !) ^Xt 2 X 2l*t^ 

i ttim^M-^^m^tii 1 1 biz, 2t3tsv^ -^y^s 1 F*3»^a, b, c, d<Dm<nm^t> 

^tt%^mw£fr&8mv<nm.^t>^<Dqfr<byyy iiuieMXMiwi^hy : ?*ft(c^£ix5 2X2-y- 

Ataw-t-sxesr-^tf/ unffi-r h y ^^©f^^jfe. • ^ h y ^^4*1^5 v^A^gi-sis^-atf, pant 

6 ] »#JS i fe«wBiffi-7 h y ? 30 h y * * off^m, 

ST'iot, [%2] 



(3) #fF 3 1 1 3 5 2 4 

5 . 6 



S(u,v) - 



C(n-l) c(n-l) 
3 (2.1) 

o(n-l) <*n-l) 
°(1.2) a (2.2), 



[E(d) ^E^b) ^^Jco.v) 



t^Zt, MX 



+ 2 2(N-, 



M Jt M 



E(a)(N-D E(c)< N1 > 
E(d)< N1 > E<b)<* 



,>-| 



I" E(a)< N - 2 > E(c)< N - 2 > ] 



L^i^S^J |_E(d) I E(b) 1 J ( u.v) 
|S°(i,2) SP (2 , 2) J |_E(d) 0 E(b)° ^.vj 

S^u.v) = 0 

E(a) (nl \ E(b) (n -» E(c) <D " 1) , E(d) ( ^ l) : n #S 1 — N<DB#, T^T^^^-ft 

b, c, d-^S>^ n l) 9l(Dj£^ h V ? X 
a,b,c,d : 0~3<©vvf ^lo^-fg^r t -5£W£^£3H$re : & 9> 

(u,v)fz:^o^^^lSc^ h V ? ^ J E(a),, " 1 E(c) ' Vl ] fc^V>Ta, b, c, dtf>fiitf5- 

[W 1 ECbr 1 ^) 



II (a) ft s £<b{-, 2X2l*t/vh^^s' 
rtO^a, b, c, d (Om^S-frltZ , Otlt^S. 40 

v^fcratoaiSiSit* 1 t tic, 2t3 tsv^c^ic 

SfeK, (b) MffiiaWSM^&SSfcWMXMW 
f-rb!I^^S:4at5lSi, (c) ffJffilf^cDMX 

h y :?*£ia?iJLT#ibtl3Ll X L2 
hy?* (LI , L2 tt*;ft^ftMroSE*fflF©SE*) * 
£f&-r5XiI£^tr, BH^ h y * xoftttm. so 



[8***9] «#*4*^L8©Vvfixa»fcE*©Bj 

MXMifv b y ^rttCfcttSS:*:^ 5 (m 2 - 2) 

[SS*S 1 0 ] S!#S 9 tE*©a«^ h y 

mxmISIIv h y ^xrtcoM 2 ffiwfflffifi, o~ (m z 

-2) $fcfil~ (M 2 -1) <M$m<n-t'<X<Dfflfe& 

'pfi< t h ngttimu ioosiffi(i2(Eiajm-r5^* 
its** 1 1 ] 8 e«©w«^ h y * *<&ffe* 
x§ (b) tts ^-MXMHjiS^ h y ^^rt^ft^t (M 
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2 -1) Sfclif/MOJ^nfilO- (M 2 -2) $ 
fcf41~ (M 2 -1) cotSH^fjyy^icS^^^fc 

i 2 ] &&mw&f-i' zmmvmm^ h y 

tie*©SMt^ h y ^ ^ £tait -rs si i ©^ * y 
-raxst, (b) tuias i o^^y ('tatt^^fcBitt io 

[ff 1 3 ] »#Jf 1 2 fSttwB^© 2 ttffc^fffi-C 
XS (a) (4, tfrE«»©feJ*#fc#LT*ft€tlSfc 

ssitt^ h y * **fft*L-cs& i ©** y (ctatt-rax 

XS (b) 14, (1) #BHWffc? f -*©a«©fij*# 20 
-TXgt, (2) ttW^nfcBWEIWit 4: 

ffi-fttSXSi:, ^-atfK^W2«t:^fc 
[If #Jf 1 4 ] §»#Jl 1 2 f2*c©B«© 2 ffiffc^&iT* 

XS (a) (4. Hfil-r M/^^SrWfftspBJiKiiffl-rs 

^O^-y-fer-y h T K^**ffi1E*S©l^#K:*rL--C-t 30 

ft«x*fc3ttK:»!£1-5Xg«r£*, 

IS (b) tt, (1) *©*»©&£# 

fiiSWe^hy ***»?>W*«:Ktti-*-XSi:, (2)'« 

B«r-*©£fe##**fteft2itftt-3X@i:, Sr 
£tpWfc©2tt{fc;frifc. 

1 5 ] ff 1 4 lEgc©Bfl!© 2 ffi{k*fe-C 
fcot, 40 
XS (a) (4, «fc©fij£#}c*f-f 

h r k v- * *f ett-r 5 $ 2 © * * y * *wti- 5 xs£-§- 
xs (1) (4, fufe#BPBIt!x-*©£/&»tcjSi:-t 

ffi»l©**ya s &Hte*rttffl-t-xe«r'£tr, Mt»2 

1 6 1 w*3S 1 4 tm<Dmm<o 2 

&oT, 50 



#fF 3113524 
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XS (a) {4, Zbt. «&<0fe&£fc3t-r5*7-fcy 

fifc^S^lWSEBJffi-r M>^^*4ritL. Sl©>^eyic 
E*1-5XSS:^, 

XS (1) fit, SulE^BPM^x-^Wfe^fc^C-C 

iWE8i©j**ya»feH«&Ka-fxg«:-&tr, b«© 

2ffif(i*fe 0 

[»*JI17] ff*5l 4ftl>L 1 6(D^-f^^{-fE 

[ti*^ 1 8 ] ^mmm^-? zmfevmm-? b y 

9 * t MM- '5 r t J; o X 2 ffl{CB^x - * ^^j^-r 

W^i/i^Li 1 ro^-f tL75M-teft©M«-7 b y 
£teii.-?-£Si©^y t, 

itsriiciot, iijfe#BiMix-?£2«[;-f 

1 9 ] it 1 8 fa«»Bffi<<7? 2 «kSBT* 

^KWBfc^- *««*©&*#££*, 

» 1 ©** y tt\ .BWESftOfi^^^StL-C^ix-enft 

* 5 h y ? * *e« u 

2 0 ] tt*« 1 8 Bffiommo 2 ffi^B-c 

Sc(±i^S(4, 

m^mmm®.?-? o&js&\z.& ct mites 2 * 

*y*»e>Hitt«r»EtUi-JIS2©^g:i4r^tr, B^©2ffi 

2 1 ] it 1 8 ta«©H«© 2 ffi^isttx- 

Sl©^^yf4, «jS©fefi^C)itt5*7tyh7K 

u- ^ (cjS z X Z T b-f r. t ic j; o t 
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If©fe^l^t5t7ty hT Kw*H:, 

[M#S 2 3 ] fifjjflg 1 '2 IE*©!!*© 2 ffi-fb^rfe-C" 
foot, 

xs (b) a, (i) p^fi^hy^x^B^ipffi±icii io 

«ffltfcj£i:TS*5ffifcS£i-5Xg£» (2) BUB 

hT KU^lCJSCTWfBKffi^ V y IS 

tt*«a-fxst, £-§rtfBH£©2fIte*£ 0 

[flt&$ 2 4 ] fS*3S 2 3 tafc^M^CO 2 ffi-fl^ffiT* 

IS (1) (i, ;t7-fe y hT Kv^Offi^giJ^a^l^O 
0TJ£©JSIfflftfc:SJ*x.5Xg % ^ix.5M©2«« 

[M#S2 5] 2fEf^ii{fe©2ffiit;£jfc-t? 20 

it (b) fi % (1) iBfc¥ffi±©ffiW{fc1tia£ erg 

fcS»»»I*±J*1-5Xgi:. ( 2 ) fffffiPsflffi-v h y 

s©»iFSrffj!c 5 r. t i- J; o xmrnzim-tziLMb , 

£^tfiH^©2Mfc>jife, 

[fflt#S 2 6 ] ffi#5 2 5 fsfc©!tffe© 2 jifrft#j£-e 

is (2) «, mmt$i&m&b<Dmx'mm%fz\mw- 

8:^*5X6, Sr-^trlifto 2 ffift*«fe. 30 ' 

[ft #S 2 7 ] 2 5 12fc©Bffe© 2 i&tJjmX' 

Pffi^ MJ ^^.(io~ (m 2 -2) (rrx-Mii2 N © 
flEft, N&2«±©g$c) Oj6ffl©HffiS:-&tfBMi[^ h 

is (2) .mmmmt^nmt^mm^r , 2N 

^Hffi{cHL-Cttl*«iH-5Xg, £^tfB«!©2li 

{tiffin 

2 8 ] f|*S 2 5 £ft©pi{fe© 2 ffi^ft-C- 40 

is (2) fi, «amnit«<fi©i:tM-jt«i-5«-K'y 
h©s&ajgg£fT*5 - ticioT, tfffBPfficci^tf ^ 

IS. ^^tfH^©2ffift*fc 
[ffi*3i 2 9 ] 1 8 !5fc©!tft!<73 2 fiUbgMT? 



4#£F 3 1 1 3 5 2 4 

10 

imxm 3 0 1 m*m 2 9 fEg6©Bft!© 2 mmmx 

^-7 -fey hT Ku*5!£#g:W\ i-7t5-F7KW« 

3B«©2M{£gltt 0 

3 1 ] »3ftJS 1 8 fE«©Bf£© 2 {fi{bSBT* 

tNtewfi^ h y **a»&K*ai s^fcHiite litres^* 

ffl t K# L TBr£©SJI Zftft 0 r £ lei -0 T HffiSrf* 
jE1"$ ^-5rtfH^»2fift^S„ 

3 2 ] flt$« 3 1 fE*©B{ll© 2 figMgT- 

ntz 5 swanks, £-§r& b&© 2 mtmm, 

3 3 1 tt*« 3 1 iE«wi®^co 2 immsix 

Hffi-v h y ^*(±o~ (m 2 -2) (mr*Mi42' 1 © 

SIS, N!i2JJU:©g$:) co®ia©Htt5r^'tfSI1t-7 h 

y* 

-y hco 2il^cT'*fc>^ixfcJD»^*(^±(f^^i:^VN 
Wttl-HU-Cttl *«W-f5#a! *-&tfHi(t©2ttft 

3 4 ] S&jfcJg 3 1 mffi<Dm@L<D 2 tff bSMT' 

a«»¥S, «:-&trBttl©2i[{kSlt. 
15593 0>9&llll4KiPil 
[0 0 0 1] 

[0002] 

mmz^L, mni>m^'m®xte'h£tmm£Gi-z> <t 

MttSrrtlSrafti-S t > 7t;©iSMPiii^i: P«©Sfi 
[0 0 0 3] *7-©WJ^i^^fi)c1--5fcJ6©iiic©fe 
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5„ YMCK©4£©feJ££feffl-r5#-g-iCtt, #lx.tt" 
0° , 1 5° , 7 5° , 4 5° y-i^ftfl^tl, 

[0 0 0 4] 

ft ^v^i^^SbS i ^ 5 Fnllis fco/c. 10 
[0 0 0 5] n-tf'y h^-^i ±.tt"ix£TgMg 

&mir%^T \/tiM ft + / Mzpj±X'% fowl's fthi t 

[0006] ^<D%mit, es*a«ic*}tf5±jfi©»jH 

[0007] r©3§i3fltt, $e>{r N o-tf y h/^-^ 20 

[0 0 0 8] 

y ^©mfcWfctt, ■ (a) mm.-* v y ^wk&s:^ 
t^Lv^f-^xroasko*^ hy **fc:$HWU 

©ffil-KS-fSirirtf-, h y ? ^(c&^-Ciiu 

[0 0 0 9] #-y-^f h y ^^©^©ISfS^ ^ 

AfcEe-^swc-v ^©^©/t*©!!^ h y 

M £lc <fc Sft^cit^TB^rt©^-:/^ y 

[0 0 10] ro&Wfc&^T r^v-^Aj irtt 
-JLLTaBiJtt©*llvvRiSS:§v\ aScfcftoTftitS 

[0 0 11] »*92tE**nfcHMfi-^ h y **©f£ 
j&^ffi-trtt, Baffin h y ^xf4MixM2 h y ? 

* (Ml , M2 tt^tl^'ftffigc) T-fc^ II (a) 
tt. Ml XM2 h y ;?*fSJf£l*g(C-a-3:tl-5#2 X 2-y- 

7V h y ^*rt©4o©@Mi©E?ij§\ it&ft/h£&2 
[0 0 12] 2 X 2-^y-v h y **l*9©4o©GSffi©E 50 



3 1 1 3 5 2 4 
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?||©±IE 8 ® 9 ©fc^fr-Stt, 4 o©H#[©ffiS©E 

?ij©£g|$© 2 4 ii 9 ©ffi^-g-^-fr© t T-^P^Jli6^C©it 

[0013] it*3i3{cfe«^ti/cr4ffi-7 hy ^^©ft 
^a-ctt, ^p>(^, (b) ms&mtE.wzRKzm 
m©Mi xm2 bhi^ h y ^^^-rsist, 

( c ) ffi&W&pMl XM2 Biffin h y ? * £E?'J UT. 
#<bft5Ll X L2 mit.-? h ■!) t * (LI , L2 tt^ft 
, M2 ©fifc«©Sic) &&f&tZ>JMk&-£ 

tt. 

[0014] Hlc©Ml XM2 Mm-? h!) £E?'J L 
fc Li xL2 ISffi-r h y ?7.*\m-fZ>£. 5fc1-fttt\ ■ 

fiL©Jlffl7l5Ll XL2 £&9M1 XM2 iH^ 

[ 0 0, l 5 ] »#«4 KEBStifclSMIh?' h y **©f£ 
fig^ffiT-i4, h y ^^flMXMBIffl-v h y 

(Mi4 2" ©«» % NI4 2«±©^») T'fc9; IS 
(a) (4, MXM^r h U ^^ffi*rtt^t^5.*2 x 2 

-y-Tv h y ^^.Tij ( i , j ttHuffiMxM-r h y ^^.ffl 

^(c*3(t-5 2 X 2-^^-7 h y ^^.Tij©jffi1i^^-t-) 
rt©BMtt©E«*«*lfcS6o-CSSi-5i:4:tJc» # 
ffiS (i, j) l-fcV^Tfi^a ij, b i j, c ij, d ij© 

[0016] 5 izmmz titcmm-* h y ^^©ft 

fiK*ife-eii, IS (a) »±, ffjfB«-ffiS (i, 

j) ic*Jlt5S*a ij, b ij, cij, d i j©fa©te^--a- 
t>-&Sr, 0 t 1 t^n^i^^icEtt^ixSi: i: tl-, 
2 t 3 tSV^fc^iciag^tl?) 8 Ji 9 ©a^-g-tJ-fr© 

[0 0 17] »*5[6k:E*$^fclSMt-v h y ^^©ft 
/fc<7)£-Ci±, Blffi-v H y ^xttMXMKfit-^ h u ^ ^ 
(Mtt2 N ©sm, Ntt2K±©Sl:) -cfct), IS 

(a) tt, ^2[CioT*fc>$ix2)-7 h y ^^TM 

hy?*s' rt©^a, b, c, d©ffi©ia^-g-fc^ 
lulEMXMMffi-7 h y 2 x 2-y-y 

[0 0 18] »#«7fcE«£ixfcKfc^ hy **©fls 
«*&-Ct4, IS (a) tt, S&IC, 2 X 2S*t^v 

hy^^s' ^©^a, b, C) d©m^t?-&5r, 

[0019] f|*3l 8 KE«*iitlSMS^ h y ^ ^©f^ 
fig^ffiT'tt, (b) BMttEJ>Iisi:v>{cJ|<c5« 

^©MXMWffi-^hy^^^^fiSc-fSlSi:, (c) Wi 



(7) 
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XL2 SI^MJ^^ (LI, L2 Itttl^tlMV&m 

[0 0 2 0] lf*JS9(Cfe*^ixfcSiffi-7 h 9 

(M 2 -2) T*fe-5A\ £fcf4, f/M^11?J>5. 
[0 0 2 1] r ?-r*U4\ ^PtPH&x-^MXMISg 

— ^©-f^-CropgpatrMXMBgffl-v h y ^^CiotS 
a-f5wtistf#4. 10 

[0022] M#Jii oKe«$nfcBMt-^ h y ^*© 

fft&*)£T-(4; MXMiIvH)^xrt©M ! {@©EHt 
(4. 0~ (M z -2) £fc(4l~ (M 2 -1) ©«5ffl© 
■f ^-CroBWai^* < 1 1. 1 lawm U 1 o©Hffit4 2 

[0 0 2 3] |**JSl 1 fdEtt^ftfcUffi^ h y ?*© 
ffrfcfrjfcT?tt, IS (b) i4, 
rt©ft*ffi (M 2 -l) *fctt*/Jv|t«:-weixO~ 

(M 2 -2) £fc(4l~ (M 2 -1) (D^Mfrhy^? 
AtaW*tl/*:<fi^*t*x.5- itiot, BUSIER 20 

iS£-^£r„ 

[0 0 2 4] C 5 "f^fi. 1S^©M XMPsM-t- h y ^ ^ 
Sr4»tLt5,ti#i:. M 2 PBFWSr»e>*^SSi-5 

' [0 0 2 5] |»*JI 1 2 [ClE«Lfc!H£© 2{jSft*ffiT- 
(4, ( a ) W*« 14V^11 ©V^T *l*»l-E«OHfi 

(b) stifs^i©p<^y(-fe«^^fcWfi^hy ^^rt 

[00 2 6] M *^ 1 3 tE«$nfcB«© 2ffifb^fe 

T*«, ^^Bfc?*-* is 

II (b) li, (1) ^WWMffcT*-*©**© 

Srttitii-xei:, (2) ttas^fcSriEMfii^rowm 

difcioT, iifJE#mi3iH<fex-*©#fi$#£^ix 40 
m2ft^5XSi:, &£tf. 
[0 0 2 7] »OM»l:o^tfWM45il 

•7 h y ^^*^fflLT2ffifii^fi : ^x.if, %y-m*m 

[0 0 2 8] 4(cE*c£ftfcM^©2ffift77 8; 

tffi. #»H««fWtt«*©fiJ*#«:£*, XS 

(a) fi, iSffi"^ h y ^^^ffl^ I Fffi±(caffl1-5^0 

il*ft5ffl[fiiaa!^-f6XaSr-t*» IS (b) f4, 50 



#1^3 1 1 3 5 2 4 

14 

(i) ^KBBtt^-^wfcjKro^^^ft^ftfco 

^^*»e>BMt*Rtn-t-xst, (2) tttb$nfc*jie« 

m t * (Dmmcttjfc-t z> £,$#© m^mmm&f- * 

fejS#&*ft«x2|tft;i-<&Igi:, £^fr„ 
[0 0 2 9] ISicro-fe^fco^TSl^lc^^-s^-^-fe 
yhTK^SrKJlttifi. ©£/&#(- oi^r fa] - 

[0 0 3 0] fl|*« 1 5 KE*£*Lfcli«© 2ffi<fc#ifc 
Tftt, IS (a) f4, $«b(^ Sic©6)*»i-*f-t-5^- 

hr K^*e«i-5*2©**y sriwrrsi 

g&£*, IS (1) tt, MfE^llBftx-^©^ 

^i-{tCTmife^2©^^y ^PjMiE^^-ts' ftku 
DTtfifem 1 cot * y *»e> wffiSrStmi-is** 

[0 0 3 1 ] 11*31 1 6 (C|5* £ ixfeBfti© 2 ffite* ft 
t?f4, IS (a) (4> Sb»c» a«©6^fc>iti-5* 

T#fe^ft(cfjffiWM-7 hy ?*££fiScU Ii©^ 
^ytSElfc-*- 5 IS (1) (4, huE^H 

«rssnrt-ig«:£tf. 

[0032] m$« 1 7 (ctB« $ tvfcisi^^) 2 

5o 

[0 0 3 3] i 2-fixf4\ 2ffi<b9fftdS 

feik-C#3. 

[0034] ii*Ji 1 8 iciEfc $ tbfcij^ © 2 imtmm 

(4, 1 ;fev>L 1 1 ©v^i"ix*»lcE*©BMK-v h y 

^^S:fatii-5mi©^^y MtefgitfM^y fete 

[0 0 3 5] 9 teiEfcSitfcBiffc© 2ffift^tt 

■ett, #PiPii«iT f -^(4ltm©fe^5r^> *i<o 
ffi-? h y ^srtatftu Km#©i4, ^mm'&.T-? 

[0 0 3 6] ft^Jl 2 0 i-E« $ fttcm&V 2 ffift^g 
T?f4, #».H«fcx-* huE 2 

TK^S:Eti-f5IB2©>*y SrffiA, tttti¥g(4, 



15 

[0037] w*«2 i tcfe*$tvfcij^w.2 ffi{t;gB 

£ftfcBMt*-hy**&ei*u ijgm^^tt. Dfre#e 
[ o o 3 8 ] n *>f 2 2 \z.%m&fotz.m®.(r> 2 £{b£S 

T'f4, ^Sc©fe^i-*fi-5^-7-fe s/ hT Kl/*(4, '> 

[0 0 3 9] |f#3S 2 3 fcfEfi Lfcpifc© 2 mtjjfeX 
J4, IS (b) (4, (l) Hffi^ h y * * «:Hfft¥ffi± 

OffiflHt«^Jfi:C-CA*5ffitia!£i-5xei:, (2) 

ffim*-7-ty yt h'l-xizitszxmmmie.^ by 20 

"bPslifi^tttiH-Xgi:, Sr-g-if. 
[0 0 4 0] r?-ftU3\ lofflll^ h Vf^Zm^ 

[0 04 1] |f*3S2 4 HE«Ltli<ft© 2lft*ffit* 
(4, IS (1) 14, t7ts/ hT K^^©ffi*BJ*S* 

[0 0 4 2] r51"*U4, lotDSg^ h y 

MJ-frs: ids-etSo 30 

[0 04 3] 2 5 LfcMfc© 2 ffi fls#ifc-c 

(4, IS (b) B, (1) W1k¥-m±.<D&Ml±9.KfcZ 
xmte%&&m&*$LfclTZ>TMt, (2) fltrEBWK-v 

h y ^^*>e>tt^a*ttt»iffii:irtEtt}(t*ffi: t 
[0044] r 5 -t-titt. mmvLmmzmti:zmii$Ht 

[0 04 5] ffjfcJS 2 6 KHEicLfcilHfero 2 fit<ft:7j ST* 40 
(4, IS (2) 14, Mtti:«H**ffii©ra-eJD**fctt 

[0 04 6] fff*5 2 7 (CfE« LfcBfft© 2\mt^mX 
(4, h y ^^(40~ (M 2 - 2) (ww"t'Mi42 

" ©Sm, N<4 2£LbC5fi$:) ©$5H©BHl£-£tr»fit 

-?y»?*x-h*), is (2) (4, lttaMii^ttftiMi 

S, *£ir. 

[0 0 4 7] r. 5 -ffttf, JP^m©Wt$r0~ (M J - 50 



#1? 3 1 1 3 5 2 4 

16 

2) tttfesr tfls-ctsro-c-, 2mtmm^.^^x^ 
mrnm^-^n-t^x^mm^m-^ #-c* 

[0 04 8] m*5 2 8 idfH« LfcBfft© 2|Sfl:*«feT? 
(4, IS (2) (4, *miWil[i:Htt©E^^*r«i-6«- 
t* y h Srffft 5 r i: (d J: o T , flflEBHit©* 

-fSXS, Sr^tf. 
[0 04 9] rroTffet'ioTt, ffiaiffi«felJ:**5 

[0 0 5 0] ft 2 9 (CfS« Lfcilf^OD 2ffl^S«T' 
f4, RttJ^J£f4, Blfi-r h y ^SrifffciFE-bfcjMi-*- 

[0 0 5 1] fjt$9 3 0 (Cf£« L/cBHtlW 2«b^*T* 
f4, t7ty hTF^ltfgit myhTKl/ 

[0052] ts*3i 3 1 tet Lfciftfi© 2immw 
y ^ x i» p, m s ixfc Hffi t mstemws. t ^ n lx 
[0053] it 3 2 tele* Ltcm&v 2mtmux 

[0 0 54] ft 3 3 (Cfe« Lfclf^cr) 2 {ifffcSff T" 
(4, Siffi^ h y ?Xi40~ (M 2 -2) (nt'Mli2 

■^hy^^-c-fe^, iiiaKfBt^#ttt 

^AP* LT, 2 N fc' yh©2 it^T**fc $ nfcinSt|§* 

[0 0 5 5] B*« 3 4 (Cfe« Ltzm&V 2 «bSffT- 
(4, ?S^^g:(4, «E»»flai:BI«©Sv^c^*£:-r5*K' 

v y omm^n znte o r t (c ± o x , tutEMffi w# t- 

[0 0 5 6] 

A. hy ?*0>m$L : Ell 14, r<£>3SBJ1<Z>-»6 

-rVEIUX'foSo 01 (a) , (b) , (c) 14, 2X 
2, 4X4, 8X8©S*-7hy^XBM!,2 , BM 

■^hy^^t4, B.E.Beyer LfcMiKIB^JSrjf 



(9) 



WfF 3 1 1 3 5 2 4 
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18 



[0057] @2 (a) f!4 X4l*-r bVfXBM 

0 2 (b) 13 8 x 8S*-7 h y ^BM 8l8 ?:2X2t 
7Vhy ^^Tij{^WLfcH"efc5a **5, (i, 



* 6 0 8X8i$^HJ^^BM 8ia {H&^T, 16f@C9 
2 X 2-^^V h y ^*TijW\ ^jxftl4X4t^F 
y ^^Sr*^-r5 4ocO^Vl/-7 B G 1, G2, G3, G 
4I^SSix5 0 (U 2 (b) Jcj3tt5#2 x 2t^v h 

[0 0 5 8] 
[»3] 



ij : i=W4, j=l—4 

moix^v) : m$tx&mkyx<m o fc A >? 

GN : *-7- ^Tfttt, 4X4 h y # (= 4 ) 



[0 0 5 9] *^3^£;ft,fckij<Dffitt, HI 2 (b) 
<D8 X 8S*v h y^XBM 8l 8 lcov^Tf;i&^fe£4 

[0 0 6 0] 
[»4]- 



0 8 2 10' 
12 4 14 6 
3 1119 
15 7 13 5 J 



30 



[0 0 6 1 ] Z<Dm^Z4X*^£tlfzkij(Dm$P<?-> 
ft, Ml (b) T^Jtlf:4X4l*vMJ^7BM 

[0 0 6 2] S5£3 — i& COM XM MJ 
BM,» . (fcfc*LMtt2 M , Ntt2^±tf)g$:) {Cffi^I 
."t*5t> MXMl^HI^^BM« ri rt^2X2t 
h y ^^Tij(H!fe<7?«a5^J;o-C*$tL5o 
[0 0 6 3] 
[»5] 



(10) 



3 1 1 3 5 2 4 
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20 



x „ = 2 2<N-i)[aij Cijl + k ..[ 1 1 1 
U ld ii b ii J + k ni iJ 



ij : i=i~^ j- 
N : 2"=Mktt:Z>2£JL±<Dm 



i = 1~M 1=1— M 

2^ 2 



MOD(x,y) : S»*ffl»an?*l o fofe *? 

GN : y ^-T <D£fc, 4X4 *0>ffl»' (=A 

4x4 

au : 0 

b y : 1 <Ufctt#*-f--j£) 
d u : 3 

[0 0 6 4] B. mMM^£Z>m{^ bV ? X<Dftf&: 

t-fl Sf, HI 2 (b) |:*fl6fi©2X2t^h 
y ^^TijcO^rtl^tCio^T, ^Sco^aij, b 
ij, cij, dij<£>fif2r0, 1, 2, 3d^IA;T7^ 
^KJta*^fcii:So **3, JUTT-fl f»5t5<0«»ai 
j, b ij, cij, dijcD-^ h y h 

y ^*cmj ^p?^ 0 

[0 0 6 5] h !/ ^^CM^5/^-ytt4 30, 

-S Q r^iSfcsffl^^^-^ii fdioi6ii<9 

[0066] (114 ft, 12 (b) <DtE±M<D 2 X2*f 7 40 
Sr*-fH"t?fc5o H*fi?iJ"C^*ix5 8X8BHe^hy 

^^co2 x 2-y-y-r h y ^tiui rtifb<£>8ii9 

(b) tH^-f 1 6f@<D2 X 2f-yV h y ^Tijfl £ 
{C&^T&2 X 21^V h y ^^TijOHtt^^-^* 



42X2^-7^ i4 (£fcflH]3) K:^£ix5 
[0 0 6 7] 0511 #2 X 2D-7^ b y ^^TijicH 

wsiLxmm~t^^t\^x<>xm^ixtz.2 x 2-^^v h 
y ? ijz^-f mxhz> 0 #jx.fi fci^o^/u—^ 

G 1 UUi-f £4OC0 2 X 2^7*^ h y ^*T11, T21, 
T12, T22fl ttl^timSO (d) , (d) , 
(g) , (b) lc*^^-^S:aifflLfct(0-efc5o 
Ztlb<0 4i<D2 X 2*9-7-* hi) PXTU, T21, Tl 
2, T22I1 *<OlScS;6"CSt>i-ri:AST*#5o 
[0 0 6 8] 
[«6] 

*'-*1i;M!!HK?l 
;]*•[! « 

iMsinsa 

[0069] 0 5 09^2 X 2^7** b y ^^Tij(C*5V> 
T, 4o^Hffi^Sr/h$^)(itC^fci:^, -t^JfjD 
4 (3I5» fl Vvf;ft,<Z>2 X 2t^ h y ^^Tij-Ct 
(=2 2(N " U N=3) (C&£ 0 MXMl 
jt^ h y ^^^(7)^2 X 2^-^V h y ^*Tijf*3C0 4O 
<0(JMIOg#fl 2 s **" (N(12 N =Mi*5l 

») x-fo^o r*m SuMLfc^so^iami 3 !^ 

[0 0 7 0 ] 0 6fl gl 502 X 2f-7"^ h y ^^Tij 



(11) 



4$ffF 3 1 1 3 5 2 4 



21 



22 



10 



co nffi^j k as p x #»wii ftf* - * <o 2 imt £ ti 

5 Biffin h y ^^^-WIT*&5o 

[0 0 7 1] &*3, 0 5(C:*31/^T, 4 00^-^Gl 
-G4 (4X4f7Vhy^^) O^tL^XtC&^T, 
4OC0 2 X2t^v h V 2 *Ti}(D\iLW*7>¥MzM 
tt5:tt>t#5o &?!\>—-f (4X4f7Vh|j^ 
fifC&^T, 4 0(D2X2f^Vhij^XTij5:lE 

He, Jfc«W/h$fc2o<DHttlS±; Sitf, it^W^ct 

fc£ 0 mm^X.X, 05^^/G1^4oO2 
x 2f-^V h y **Tij£E«r58SO*tf|^-v 
tt, Jt«ftH«[co/h$4 2 x 2U-7V h y ^*th, T 
22£xt£j[::@BgU JtftWHffi^t* 2 x 21^^ h 
' y ^*T2i, Ti2ZMj§{cmS^Z'£ — >x*h 

£ 0 ::t% *2 X-2-^^ hy ^^TijSr, iWfttcoli 

N : 2 N =M fc ft 52tt_h0>ft* 
rtKES**lS4«©2x2f^ h y ^^T tt fc*rurtt > MOD(k 5l ,GN)<0*S«5 

S^fr# l < ft 5 i 5 te^a^ft-eixfS!^ * H a 

MOD(x,y) : &Ste&ffiRy o 0 

GN : MXM-7 h y ^ XfcASftS 4 X 4^7^ h y ? X<Dm$C (=^) 

4x4 



20 



wtast?#5 0 ft*5, BHI-fey hiJSit)***^ hy^ 
* («xi'tf4X4^>y^^) IrI«^ 

[0 0 7 2] 0 5(C^i-#^yU— 1-G4 (4X4 
f-y-^hy^^) rt(D4o<Z)2X2t7'-7Mj^^Tij 

^Gl-G4 (4X4f7 ? vhy^^) tC^^tl^4o 

(7)2 x 2-y-y-v h y ^^|^±(0BHS^H^tt, ^TtL^ 

^VU- 4 ( = M 2 /4X4, M=8") T*fe£ 0 
[0 0 7 3] £ tC, 4oW^WGl-G4|± 
4o(04X4t7Vhy^^p]±) <£>BBl1 
£ 2 4 ii <9 offi^j9-frOt<75ftS^ 1 oi^Mt £ 

[0 0 7 4] 5tL"C#?>tlfc8 X 8 raffia h 

y^^TM 8 , 8 rtO^S-2 x 2f-7V h y ^Tijte, & 

<Dm& 7<d£o t S 0 

[0 0 7 5] 



[o o 7 6] *m-r*itf, r«o*a7tt, s*^hy^ [&8] 

*BM£^3£*5fcl:fc^"C, fS^Ml^^CM (a 
ij, bij, cij, dij(D2 X 2^ h ]) fx) (D&f&fta 
ij, bij, cij, dij05«£-£ffi£it-f 
ij, bij, cij, dijOfiSr0*^3O^^fe7V^|c: 

[0 0 7 7] 0 7 6OHfiSOia5IJtt, *S:7(Cjo^T, « 
IS k i j<Z>4i£2fctf>3£5£ 8 5 KKS Lfc t <DXh 5 C 
[0 0 7 8] 50 



[0 0 7 9 ] C. 

ss#8s : m i ( c ) 

8x8 

[0 0 8 0] 



4 8 2 14' 
12 0 10 6 
3 1113 1 

15 7 5 9, 



*5ctt/l2 2 (b) (C^1"8X8S 



(12) 



WSF 3 1 1 3 5 2 4 



23 



24 



1*9] 



Ls^J L 



[E(0) 2 E(2) 2 1 



rs 0 ^ 



W 0 2 1 
J L 3 1 J 



s°=o 

ECO)* 1 , E(l)- 1 , E(2)^\ EC3) 1 " 1 (n« 1—3 coUSt) & ^rtt^ixi- 



0 0 

0 0 

3 3 

3 3 



2 2 

2 2 

1 I 

1 1 



[0081] -^MJ^S B2X 2t7>h y ^-XT 
f-y-^hy^^ (t^fct^^Gl-G4) CDS* 

V h y ^*BM£>4»T\ 2 X 2 JK±T*ftfc>h£^iMX 
ot^HI^^J: rs*f-7Vhy^xj £P£-S a 8 



20 



So 

[0 0 8 2] 
[^1 0] 





s°=o 

E(a) nl , E(b) nl , ECO 8 " 1 , E(d) n l (ntt 1 -N<D*E») tt. i-^T<DriM3*5-£ 
Wjia, b, c, dT?&*2 frl #c<©jE#^ Ml ^ ^ 
a, b, c.d*i*jh^*lO, 1,2,3 

[0 0 8 3] OKfcM^T, 2" ^cD-vhy^^S 

8, N~ 3, a = 0, b = l, c = 2, d = 3^Lfci 
[0 0 8 4] — MXMl*v h y ^^BM^ £ 

ftS:ioi:J;ot$SLt»^i:ii, Eisfeitfiged 
8X8 Biffin h y ^ * TMsxs tt, jJcto^iwe^ 
"C#5o *"f\ 8X8-7MJ^^ (2 3 ^co^hy^T; 

b, c, dOUZZtl^tlO, 1, 2, 3t»^"f5o 

w<z>*SS* -tMJ**S s fi»©ftSi i"C*bStt 

So 

[0 0 8 5] 

[ftl 1] 



30 



40 



I 8 ? l^) S?2^>J 



2° 



0 0 0 

0 0 0 

0 0 0 

0 0 0 

3 3 3 

3 3 3 

3 3 3 

3 3 3 



[0086] ro^trtt, ^sy^^s 3 ci^s^s 

^CM 2 (ISlO) a, b, c, dCDm%Z 

ti^tlO, 1, 2, 3\Z«t^ti> 0 Z<D&^ Th l J? 
*S3 te&^m^i 2T^t?$4x5c 
[0 0 8 7 ] 
[*12] 



S 3 ^ 



27 



S\i.i)S\2.i)l +22 

sVu)Ski)j +22 

S^2,2)JC1.2) 



(14) 



S\l.2) S\2.2)l: 



+ 2 2 



28 



"0 


0 


2 


2' 




0 


0 


2 


2 




3 


3 


1 


1 




.3 


3 


1 


1 . 




*0 


0 


2 


2' 




0 


0 


2 


2 




3 


3 


1 


I 




.3 


3 


1 


1 . 





4#fF 3 1 1 3 5 2 4 



CM 2 



CM 2 



+ 2° 



0 
0 
0 

o 

3 
3 
3 
L3 



IfcS^ MJ ^ 7CM 3 



[0 0 8 8f ft^fc, f&S;i 2 {^£^6 1 6{@<7)-e h 

m%C?bV?XCM (ftSlO) W^a, b, 
c, d^ffiOJfi^feiir^^^^^^So 

[0 0 8 9] 
[^1 3] 



S 3 = 2 4 



3 0 
0 3 



h y ^ x cm 1 

d5 1 6fi 



+ 2 2 



0 
0 
3 
3 
0 
0 
3 
L3 



0 2 
0 2 



0 2 
3 1 
3 1 



, 2(N-n) 



[oo9o] 3^ h y 9 x<D&mm<Di6.$:n9n 

tl6o »S13^ hMZ> £ 5 fiMBc-v h y ^ ^ cm 1 
C0#^a, b, c, d(0«B, S»2 4 KJIIjrSftS 
20 tfl?fe>£ 0 h y nCM 2 tf^fifc^a, 

b, c, d(7)«tt^2 2 «* 
^H^^CM 3 0#^5>a, b, c, d(0{gfl^2 
° (=1) {d**SH5ffi:T*fe5c MXMv 

hy^^rt^2° s^mj^^s" (feSioco^ 

[0 0 9 1 ] *fc, ftSCl 2t»5Cl 3Srit^-rti««¥ 

30 8gKW\ 2 3 &<7)-r h'y S 3 K^SJx5 16fi<0-r 
F^^s' ( u t v) (»5£i 2#flB) (D^fr^tKDfym* 

WvF5^S 2 (D) v) (*S; 1 1 #fiS) (D^Zl^faZm 

*5«t 5(CLTt {tot, Hl£0iJ{cJ;5 8X8M 
ft^hy^^TM 8l8 ft, 4f«t5^ t 

[0 0 9 2 ] 

mi 4] 



2 
2 
2 
2 
1 
1 
1 

1 J 



40 



(15) 



Hftff- 3 1 1 3 5 2 4 



29 



30 



TMg>«=S 3 (],i) = 



r^u>^ 1 >i +24 r^ E (c)«i 

L^U) S%.2>J LE(d)°E(b) 0 J( 11 ,v) 
^Cu.v)=0 

ECa)"" 1 , E(b) nl , E(c) al , E(d) nl : n # 1 ~ 3 <D#f, ~t^X COf&fr&^ft^ln 
a, b, c, d-t?i>62 n l ife<OlE^-v hV*X 
a,b,c,d : Q-W^TUfrl^&m&tZKWzmte 



t jSV^Ta, b, c, d<Dm& 



[0 0 9 3] 4 SrMXMlS'flS-r h y ^^TM« 



[0 0 9 4] 
[«15] 



(16) 



Wl? 3 1 1 3 5 2 4 



31 32 



S^u.V) = 



C(«"l) C(n-l) 

°(U) D (2,l) 

o<n-l) <j(n-L) 

13 (1,2) °(2,2) 



+ 2 2(M-n ) r E ( a ) <n - ,)E ( C ) <n - 1) ] 



E(a)( N1 > E(c)< N 
E(d) P*" 1 * E(b) < N 



U1) lu) 



E( a )^ 2 > E(c)< N - 2 > 
E(d)< N - 2 > E(b)< N - 2 > 



1-2) "I 

■ 2> L 



v) 



uv)= U 
rs°(u> 

uv > = Lo 



U,l) Sl (2,l) 



(1,2) S^,^. 



^2,2) 



. 2 2(N-1) 



[E(a)° E(c)°] 
E(d)°E(b) 0 lu.v) 



S^u.v)=0 

E(a) <nl) , ECb)^", E(c) (nl> , ECd)*"" 1 * : n j&5 1 ~N<£>B#, t^t©fii^^^tl 
-€*1,a, b, c, dT?&>2>2 <nl) ifctf>jE^-=?- h 9 * X 
a,b,c,d : 0~3(OV^f : i^^lo(0>^it^r < i:S^v^tS/J:^SI®:-eab^9, 



[ ECa)"" 1 Etc)"" 1 1 



LW 1 Etb)"- 1 



Kl*3V>Ta,b, c,d©Ii5 



[oo9 5] d. mmmnfflife^ v y ^^icisa* : 

H8(i, dl (c) C^f8X8I*vH)^^BM 
0~6 3C0«ffl?rmi-7^^A^ifieLfc8 X h y 

7—9 I Dt«i[TDi©l8«^C-C, 

?S(la) , (1 b) fC± 9&Xtf>y h (-7 h y ?X 

S^r-^ I D>ltTD : Oris (H) -.(1 
a) 

I DSUWtTD : *7 (S) ••• (1 

b) ■ 

[00 9 6] 08 (d) , (e) , (f ) ft, 128 



(a), (b) , (c) ©aocvhy^^c^u- 

«*Wftf f -^ I D=3 2 (fiS^ 50 %) SrigfflLfc 
40 ^(Diry/irycy^^ — yX'h^O, ifi ! 3 2*lffl 
htt*'fk$^Ti/'«5o El 8 (d) Ictf-TJ; 5lc, 

BHfc^Efcifc^-t, iB&<oi^gi»;i|18#©ftfv>&fliJi$& 
8 X 8 Wffi-r h y ^^TM5rffifflLfc*-g-, 

50 5 8X8 Hiie-^ h y * * TMSrffiffl Ufc»-§-l^l±,' ilSc 



(17) 



4#fF 3 1 1 3 5 2 4 



33 

X8iI-7h!i^^TM (E8 (b) ) tt, $u±^7> 

das (c) ) tjt^T^raja&iscds 

[0 0 9 7] 18 (e) , (f) (^)2oO/^-y^ 
jlifeG&IKJzS 8 x SUfjt-r h y ^ ^TMtfilSf^^ 

Xtfs&-f LfcH&x-* I D titbit #vMKftt-fc5o 



34 



10 



CM" 



7 

{ 



♦ Sot, mulcts 8 x 8Hfi-^ h y ^^TM©* 
£\ ^(w7V^A/,e-7 hi) ^^(cit^-c, ^P^ff^r <fc 

ifi-v h y ? XTM<Dm£J$, HU^Lfc^S: 1 5 ic&l^ 
t> E (a) ""' , E (b) "" , E (c) " , E 
(d) *" TMSnSiiiS^hy^^CM' *819 

[0 0 9 8] 

[tie] 



eco)"- 1 E^y 1 

EC3) 0 - 1 EO)"- 1 

Ed)"" 1 E(2) n - 1 

ECS) 0 " 1 ECO)"- 1 



ECO)"" 1 E^)"- 1 

E(2) 1 - 1 Ed)"- 1 

Ed)"- 1 EO)"" 1 

. E(2) n ' 1 EXO)"- 1 



]•[ 
H 



E(2) n " 1 E(0) n - 1 

Ed)"" 1 ECS)"" 1 

E^)"" 1 Ed)"" 1 

ECOy 1 EO)"- 1 . 



:. Ed)"" 1 E(2y v 

EO)"- 1 Ed)"- 
.ECOy 1 E(2)"- 



:] 



itie u E(0) ni , E(D ni , Ear 1 , Eor^i^en^n-r^-c^fife^oa^^^ 



[0 0 9 9] E. H5g0iJ(- J; ^fdlO Biffin h y : ± 
fEUJfi^Tii, 8X8 BBffi^ h y ^ ;* TM 8l8 L 
fc^N Biffin h y ITS, -jRt^ 1/2 Tot 

$mw Ltc^cmmm^ 2x2 icshm-t s - 1 <dxzz>^ 30 
hy^*, i-*fc*>, 2 N j>c©ffisa)E*T h y 

16X16^3 2 X 3 24 if^||^fi<jjSBBfi[^ h y ^ ^ 

[0100] El 9 ft, ISffiFlt J: 5 16X16 Hffi-r h 
y^^TMi6,iB ^ISt^T 0T*fc5o fit, 11 9 0 

0"jTiim^^s±, 2x2 f-y-r h y ^ *rt<£>iatt<z> 

ILSV^5C, HUBS: 1 6iift-e*!BL-C^5 0 Htt 

{10-2 5 5C0ffiffl^{fiSr**-T^ 8 bf 3/ hO^— 40 
bZtiZHK H9^5)»5J:5C, #4X4f-X^hy 
^^rtco4ocDr4ffi^Tffi4 h (ftTffiiff) ttH^ 

[0101] 12 1 0 fi, 12 9 16X16 BBffl"^ h 

y ^^TMieue *4iS*T^iELtl2-Cfe5o -Hi 0 
a=>b#P5<fc 5 16X1 6 Baffin h y ^^TMi^ 

&4*^t5it (cioT»e>n5 4o(0 8 x s-y-^v 

#8 x 8-y-y-^ k y ^^rt^-r^ToHffift, 4xt®:<£> 
*Tte+fT (2it«T*»try m, 2) <Dmmcx*& 50 



5„ 4008 x 8-y-^v h y ?xm± ; &iki 

4itmcOftT&+fr^f6^0~3i?fei9S^tcj 

[0 10 2] |5]«t, #8X8t^v h y ^*£4^# 
t5riCiot#P)Jx54o©4 X4f^V h!J^^ 

hy^^rt^-r^-rowtttt, 4iis^Tffi2^ (2* 
rott^i^ c-e&s 0 $f c> 100 
8 x s-y-^v h y ^fc^$ix5 4 ocT) 4 x 4-y-^v h 

y**PHr&Jfc«T5i:* 4it&£>T*>?> 2#g (Offi 1 
(2ii*-etttfs/ K3, 4) cDfi^0-3Tfo t 9 5:v>(C 

[0103] #4X4t7>h^^^4f^t 
5r tic <toT?#?>ix5 4 00 2 x 2f*^V h y ^^$r 

y^^rtot^toiftt, 4it#coT{i3fif (2itSc 
TfttfcTy M — <D^t$mcx*hz> 0 ^tt, 100 

4 X4f7> h y ^^(^$jx5 4o(7)2 X 2f-^V h 

y ^^i^±^itRT^t, 4ii»oT^e>3#B^)ffi : 

(2it**ett^ y V 5, 6) CD{fi^O-3T^&t9S^t 
S^otl^o 4*5, #2X2ty-7h!J^^rt^4o 

[0104] 129, 1210 Km1r 16X16 Biffin h y 



(18) 
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^*TM,6.i6 l±> _tj£Lfc$5£l 5(CtiV^XM= 1 * [0 10 5] 

6, N = 4tlSLttrotfe^ *©fSl7f*b [S17] 



TMl6xl6=S'[i,i ) = 



L s3 a.2) 



.1) S 3 (o i) 1 20 I" ECa) 3 ECc) 3 1 
.2)S 3 (2,2)J LE<d) 3 B(b> 3 J t i.i ) 



|s^i.2) S^ 2 ,2) J + LE(d) 2 E(b) 2 hv) 
= rS 1 (i.i)S\2.i)l + ^["EXa) 1 E(c) L l 

LSK2)S 1 ( 2.2)J + LECd) 1 E(b)! Jf^) 
U,V) LS P (l,2)SP(2,2)J + [E(d) 0 E(b)4u.v) 



(U.V) 



S^u,v) 



E(a) nl , E(b) nl , E(c) n l , ECd)* 1 : n & 1 - 4 <DB& ^T©BK^*5-ttt 
a, b, c, d~e$>Z>2» l #:<DjEjj^ hV # * 



ECa)"- 1 E(c) n - 1 



Ecdr 1 E(br i j Cu , v) 



iZ&^X*, b, c,dtfX8;C>* 



[0106] 010 ^^-fHft^ h r^^TM 

S 4 ©lo^ifvMJ^^CM 4 (E (a) 3 , E- 
(b) \ E (c) , E ( d ) 3 <D-?bV?X) ft, 
i$^a, b, c, d<D&<D2 4MV<D' < # — 'y<0<Pfrb 
y>?J±l>ll^m$iLtch<DX\ (a, b, c, d) = 
(2, 1, 0, 3) Offl^fc-fr-e&5 0 §8X 

(E (a) 2 , E (b) 2 , E (c) 2 , E (d) 2 
^hy^^) tt, ^a, b, c, d 0{6<7> 8 ii <9 <£>*f 

4X4f7>F!i^^S 2 rtOl 6ffi«fR-^ h y 
M 2 (E(a) l ,E(b) 1 ,E(c) I ,E(d) 
1 (0^h!J^^) Vvftbfc/S^a, b, c, dcO« 
fc^ti^ftO, 1, 3, 2[-i3:SLTV^5o <**>K:, £ 

^CM 1 (E (a) ° , E (b) ° , E (c) ° , E 
(d) ° <DTb ] J?X) (i, j=£;#a, b, c, dcoffico 
8 ii 5 <0*t£^*- VtO^ ^ y y ^i^CiliR LT ^ 

b, c, d^/^-y^y^rSSL, ffitOS 



B-ett^a, b, c, d^/^-v^a^t^r 

30 fc^"srtBT*&5o $#a', b, c, d(Ol©/^ 

-y^fc 7 ^^AKSRtS C i: pT«TJ) 5 , 

2 4 ii 9 <zv^ - h y [ciliR-f 5 r i t *r ai 

[0 10 7] ird^T?, ScSCl 7 fcA>6>#5 <fc 5 fc* 
^hy^^CM 4 {E (a) 3 , E (b) 3 , E 
(c) 3 , E (d) 3 •} tt\ 8 tfy hOBMtOTffi* 
1, M2 try h<8«S:ft£LT^4 (01O#ffi) o |PI 
Mvhy^^CM 3 {E (a) 2 , E (b) 
40 2 , E (c) 2 , E (d) 2 } ft, BMI©Tffi*3, $ 
4 tfy h^f^gL, h y^^CM 2 { E 

(a) 1 , E (b) 1 , E (c) \ E (d) ' } <Dm 

{E (a)° , E (b)° , E (c)° , E (d) ° } 
fiTft^7, ms^yb (±{fc»2, mi\fyh) tDffi 

[0108] rj-ifc, -«a:-e&5»S:i stcSTttfe 

Si:, M^hy^^CM" {E (a) , E (b) 
" , E (c) n_1 , E (d) - 1 } tt," 2NtT y V<D 
50 BM£(0 5*>©Tffi:A^ {2 (N-n) 4-1} SB <0 fcTy 



(19) 
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bt {2 (N-n) + 2} #B<Z>fc*y h£jfc£LT^5 
t-7hy^7CM" { E ( a ) 01 , E (b) "~ l , E 

(c) B " 1 , E.(d) "~ l } ti\ 2 Ntr 3/ hcoHffico5 

[0 10 9] F. RSfl^ h y ^^©Jl^fc-fr : loO 

S<9SLSffl L-C2«{tS:fif4 5 t> IKWftfcfi#£L 
ftl/^XMHfiv h y ^>^^C0jft9igU^^ — >^2 10 

MHI-7h!J^^t**^$tl5Ll XL2SS«^hy^ 
* (LI , L2 ttMWSiRffiPCOSft) Srf&SLTffiJB-f 

^ h y ^^tt-tix^ix«*5«ffl[^S:=&i-5 «t 5 icf^ 
/&£tl& 0 ^JxifJ, 2 5 6i^ft516Xl6Hfv 
Fy^^lfU 1 6f?l 6?iJiciagi-5r irfcio 
X2 5 6 X 2 5 6S§{B-e h y ^ ^ 5 r. ir &X% 

5 0 20 

[oiio] MxMiit^ h y ^£riiui£Ofe£l 5-e 

gp&fCfc^T, «vh!l^XCM n a, b, 

7^?MzMttZ£o\zrtti&. Li XL2 Hffi-rh 
y ^^Sr»rit"f Sffift^MXMHjl-r h y LT, 

[oiiilSot, r©J;5iLi xL2 PBffi^ h y 

a, li x L2 bue-^ v y ^^rttc^v>r^iij^^^^ 30 



__ M xM 



: 6fico i6xi 6Mf(T h y ^*<D£TSrS^(c:Sfc5 
5 16X1 6Hfit^ h y ^*«Sfl£H*e«4fctt:7 

[0112] t^hx\ #Kaas«7 f -^^2Ntrs/ h 

(Nfi2 N =Mir4») <7)x^^xWT&£4§ 

ma?^^F*S; (1 a) , (1 b) £SU£L 
It hi *BBI«7- * ©i--«-C ©BUS: Sa-f 5 fc » 
Ctt, *mxmHSv h y ^^rtC*5(t5BBfioft^:ffi 

(M 2 -l) SrO- (M 2 -2) (7)teffl<7)tt[{c:af ftx. 
tUf£v\> l 6 x l 6fiSffi^ h y ^*t*5^T 

BM!©t&IS£0-2 5 4 ir-ftui, zvyw&mmm 
tfer— ^©(EllttO — 2 5 5&OT\ f^#coi^Kt-cto 
T2 5 6pgW^ff^-e#5 0 *Jb\ r^±5t-2Nlfy 

hr-^©ft*I (M 2 ' -1) £0- (M 2 -2) 
HOffl-cajfeLfcMXMBBffi-v h y 0- (M 

2 - 2) <offiH©Hfitas4>fc< i 1 1 Bfcb^U loo 

^<^rft^loffW>2@tU§iU flfc^BBffitt^T 1 

[0 113] Sft<©MXMBMt-T h y ^*S:R?IJLTL 
l x L2 ««v h y ^^S**t5»^l:tt, Ll XL 

^MXMSiffl^ N y ^^rtcoBWl<o**:fi (M 2 -l) 

Sr, o~ (m 2 -2) (Dmm^m^y^^M-cm^ 

[0 114] 
[»18] 



. N M ll,LlxL2BB®vhi;n<c»fli^ 

[0 115] fi.L, »5tl 8"Ctf*LfcilS**s (m 2 - 
1) {C^ofcii^tCtt, a t &<Dfo<D'}>t£< t 

(M 2 -2) <DmW\Z^^Xyyyj±KftJfti-Z><DX\ 
Iif-^^)0- (M 2 -l) ©BWSr»&d^||^T? 

[0 116] &4b\ ^/Ky h^^^/^ycD^^I^L 
ft<Z)J; 5 *^F*S; (2 a) , (2 b) SrJgfflLfdi 
^fi, Wft^*/Ht (=0) Sri- (M 2 -1) omw 

IBftx-^ IDSBMSTD (H) - (2 

a) 

mmf-? I D<BBfiTD : *y (S) - (2 50 



b) 

[0 117] G. «»(0M»K»t5IW^hy^^ 

±7&<om^ h y ^^*fflv^fc*7-jB«x-^^2ffi 

[0 118] ^lco^Sfi, JiiE^J: 9*L1 XL2I 

h y ^ ^ £ # ? -Bift^ - 9 (o& &iiLftm\zL * n-e 
i xl2 mm^ by ?xtem^mt£&mmft^%^ 



(20) 

39 ■ 

[0 1 1 9] m2(D^mi, 100L1 XL2 h 

5 LI x L2 HHI-t h y ^^(O^-^ir y hT KU^Sr-t 
ix^*45ffil-K^-r5*S^fc5 0 H11I4, r<0 
»2<Z)*-ffiSr^"f!ft!BiaT*S)5 0 rim 
x-** 5 , Y (^p-) , M (^ifV^) , C (v-T 

tyhTK^OY, OM, OC, OKSr^LT^So 10 

T2 5 6 X 2 5 6J ilSi^ftT^SXn s/ ^tf*, lo 
<Z)L1 X L2 BBffi-v h y ^[CffiS L, PH£¥ffi-tt-l3: 

i£dli x L2 BBffi^ v y ^^^^^.tiiffl^n^o 

Y^t7tyh7F^OY (Xv , Yt ) li 

(0, 0) "C&So M^Ot7tyh7F^ 
OM (X« , Ym ) N C^©t7tyh7K^OC 
(Xc , Yc ) , KMW7tyh7K^OK (X 
k , Yk ) ^S^icS^^ffi^S^ttTV>5 0 1*1 <b 
<D;t71?;y h7K^lt Lix L2 SSffi^ h y 
»ric-t*5MXMRBffi^ h y ^^(7)-i23(7)-y-^XMcDS» 20 

[0 12 0] r©i5t, #ft^«Cft45*7ty 

hT K^^S^tU^ 1OC0 LI XL2Bgffi^hy 

^^->-dS*^L*^t^5*J^ s *>So £*>tc, I CO 
Wi2<Djjmx*t±, 1O0L1 x L2 Biffin h y ^2tt< 

^ey t-ffiiiLT^< tirtx*£.\t^<DX\ mi&^hv 30 

^■r5*MdS^4<, *>o, **y 5 

[0 12 1] 4*3, lO<DLl XL2 h U 

mWc<D^ry±y hT K^*SE«L"C*3<«:to9ic, B 
11 (a) - (d) fc#**tfLfcHffi^hy (i- 

1 XL2 h y ^*tf>##ii*7 Ku-^Sr-f bLfc 
#£/«#£^H*^hy**) *^»2WB-r5«t?^L 
T t> J: v\ roofed: t< y ^4<7)fi5«jttt:# 

• [ 0 1 2 2 ] H. ffiWffittfdjSCfclJWfi^W* : Htt^ 

mm^m.t>tite^£ ? fc-r 5 Biffin h y 

WXLl XL2 £T#3£lt*t<-f SI^S* 

y^*<E>1MXLl XL2 S:-et5fctt/hS<i-5It 
j&sa*LV\ rtife^*IS-t"5 2ooS*:tt, ^^eytc 
ffi1t'r5ia«[^hy^^(0-J--<XLl XL2 
f+/h£< Loo, Hftspffii^ffifllttaKrtJtT^^y 50 



WfF 3 1 1 3 5 2 4 
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h BK*ffl £ *i5 Mffi?rPS^ 5 1 i: ic £ o T S»J£ 3 -Br 

[0123] ii^B±ojffiaffi«fiiSi:-c^^y*^ 

(a) iIftife{:S45t7ts/ h7 Ki/^Sr^^y 

(b) ^^y^e>a*a**tfcBMSi:, jsgftssfcs 

(c) /^yfrbm^&Zftfcmm^MLX, fi£«ttfll 

[0 12 4] Bl2-tt, ±336© (a) (^SsSr^l-f&lpl 
itfo^o 012 (a) 16X16Hirh!J^^ 
Sri*ac*lPl (Yifft) CW16tt^fcl6X2 5 
6 Biffin h y ^^Sr^HftfflT^LTV^So ^©16X2 
5 6ifv h y ^[il^^tlS 1 6fico 16X1 6Htt 

<^J:5*H<i[^hy^^S:*Jffl-f5*&(-tt, Hi 2 

(b) (c^i ^t^ipj^^-^-ty hT Ki/^ 
<OHJC7ciE?tJ (Yl , Y2 t -Ym ) OD^-fit^i"^^ 

^ x f:f P v o 1 7 y l^^t ^ : i: (a o t , i6x 

2 5 6Bf^ h )) 9 X^<0'<9 — ls&2m\M&\Z3& 

1 6 C^t^rtCiot, 2 5 6 X 2 5 6 Mffi^ h 

[0 12 5] lo^>BBfiS:8 If h= l^>f h-e*^i" 
2 5 6 X 2 5 6Wji£^ h y ^ *.£lB1i-f 5fc 
»W ; t!/^itt6 4K/M hC45^ 16X2 5 6 

bhs-^ h y ^^t?tt:W4K^ . h-e-rtfo tfco-c, 

1 6 X 2 5 6 m\U^ h ] J 5rffiffl-rtitf , 2 5 6 X2 
5 6BHI-T hy ^^Sr^ffl-rsS^t-lt^T^^y^l: 

[0126]g|12(a), (b) ^«iC*D^T, ^?7 

SVM^M^ 5^7-^5/ hT Ku^(0 1»C7ciE5iJ (Yl , 
Y2, ■■■Ym ) SrK^-f^tf±V\ lO^tCjo^T, 

±^ hT Ki^^SMd^ftStttftS J; 5t-i-5I t 

Iir^4^(Dr% -feTix^^L^cT)^ 

[0 12 7] I . :813B, flfjiSLfcHll 

1 (om^ h y ^ ^'SrfiJffi-TS W»IB«S«^fltfiESr* 

i D^iaii-r^Mfti^^y 2 o li x L2 m 
m-? h y ^^srEtttrsiaMit"^ h y ^^^^y 3ot 

^mmmiSt?-? I Dtr4ffiTDi:?rit^LT2f6^fS 
«fS#RSSr^"t-51t«S4 0£, IE»flT#RS{ca 



1 



(21) 
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21, 2 2 i:, ^ffl[Hl^2 3, 2 4i, 7K^*^ 
^ 2 5, 2 6 tSrIitV^5 0 BBfiS^hy^* 

?y^ 3 3, 3 4 ££M;iT^5o WfiM^y 2 

0 ^"7 -fey hT Ku^^^-y 3 1, 3 2 left, 

ofe^^v^-f^io^^-rfe^fgsff^-s io 

[0 12 8] ££3fc^py*3B£»2 1 fi, IE«flH§-R 

itess*^ n y 9 c l x %m*k-tz> 0 

[0 1 2 9] 3fe3EBB*&fS#ST3JS5S^t*5.i:, Jy/* 
?y^ 3 3, 3 4f3, ^tl^ti±*a^-^^5/ 17 KI/ 
* ^ ^ y 3 1 i BJfeS^-fe y b 7 K * ^ y 3 2 20 

■fey hr K^^^y 3 i fciij*s^-7-fey br Ki/^ ■ 

^!J3 2tt; 4o^fe^t^i-5^7irs/ h7 F> 

^-S c(cj^i:T4aScom^5^^iry hTK^SrUl. 
*"T5o fe^ftW7tyh7K^B, 0iJx.«Hl 

1 (a) - (d) iX*tt7ts/ h7 K^O 
Y, OM, OC, OKXh& 0 

[0 13 0] yy^*"?^3 3H iMt7ty h 30 
7 K^^^!/ 3 l^^(0^^iry h7 K^f-?0 

5 0 Sfc, yy^*!)^3 4H:, BJ^^iry h7 
Kl/^^^U 3 2^^0^"7ir 3/ h7 Ki^x — ^OF 
x Sr^Offlfili: LT, |]*$i^py?fi§RCLxO 
^/w^ScSr* !? v 5 L 1 itco y r> >^ "Cfc 

5 Q rttbe^y >?isVZ/9 3 3, 3 4d^^>ai*^-?: 

tt-^tu Bus-*' h y ^^^^y 3 o<oitt7 k^, 

Blife3t7 Ku*£fc9, K^C± 9lt^$ttfc 40 

SBffi^Sc*fflSix5 0 **3, Mtt^ h y ^^^^y 3 0 
Ktt, M£li0 1 1 f"2 5 6 x 2 5 6 J tBZtltcl 

[0131] — *\ SMfc^y 20^7 Ku^tt&co«t 

n y fr fB#R C L y £ BJjfeStSflS;? p y ^ «-^R C L x 

y, CLx«MJl7K^^ f )^ 2 5 ) 2 6 tcA 
^£tv£ 0 7K^A!>y?2 5 l 26{3\ ^p^C 
Ly, CLx^wSJ:*^yhU ■€rO;&£>' MS 50 
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SrTKU^ADy, AD x £ LTtfl^I"t~^> 0 

'@S§2 3, 2 4<7>#HJfcH\ ^ilfWf-^ I DO 

S*fiO«£^fr^xMx , My ^flEItt 
2 4, 2 3<0^jaittt-tjX**ttl/Mx , 1/My t4 

#JSIeI8g2 3, 2 4£>#JIitW:, *iCl/ 

[0 13 2] fiBfii-r hy^^7«^y3 0ld!E«£*lfcfiB 
ffiTDfi, yy^-?v^ 3 3, 3 4i^4x.e>ix57 
Kl^fOgCTSifflSft, Jt«*4 0(c±oT#|Sg|BH 

JSCT^^^y hco^>/^^?r^-rfB^f-^RS^^ 
*UfflASl5 0i:ttiiet5 o HJA3Sl5 0B«itf 

«E#±fc#fe^co2«ftll«*faflk1-5o r(OJ:5[- 
LTf^*$ttfc#fe*^^2fi{tB«lcttJE:tL^ftaay 

mvM&x&htiz%y—m&\a**Tu^x2i2y b/< 
[0133] Bus, mm&mzm zxmm^ by? 

7^^ey 3 Q<Dyjry±y bT Ki^^Sr^JE-raiHlKSrffi 
*fcS«E»S«co#J*S:*'r^ny^iaT**)5o HI 1 
3ico»V>f4 N El 1 3lci3(tS 2o(0t7iry h7 Ku 
^^y31, 3 2<Z>ftb9t£* ft»«£S6 1, 6 2 
^Kft??iXTV^5^t; OR[e]^6 3, 6 4taott# 

co»a»asy^^*^y^3 1, 3 2 0P-K«m 

[0 134] a«t!6 1, 6 2t«^tM 
tt, Bl7feat^ny^CLxt|g|fflLT, y^^'^^^^ 
31, 3 2(Oj)fflfi (tifc^ 7K^Ot7ty 

^ i i ±ssi^ 2inM*7t^f^, r*t> 
*>iii«fli#iD^)B]*at-a*sic % utt^hy^^^ 

^•y 3 Oco^ST KU>^tBJ**T Ku^O^-^iry 

h y ^*7<*-y 3 o^twi^ffic^tu^ 

[0135] mi 5tt, ffigffigtc^ tTBB«^ h y ^ 
^^^y 3 OO^^iry hT K^*£i£M-f 

Hi 4 tOitVM^, LI ai*l>V^6 6T*B)**S*^ 
p 7 ^-R C L x (O/^fJ:^ V -?r0^r^r 
yft-9-SrORlHlK6 3, 6 4l^tt^5^tfe5 0 - 
5t-tltf, Hfi-^ h y ^*^y 3 0{Cffitft$ixfcLl 

xl2 mm^ b y ? xfimfe&Jjfa<v^Li tzft&.m& 



(22) 
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IH 12 (b) t/Tti5 4t7ty h7K^<0M 

[o 1 3 6] mi 4 ten s t^nstt, 

^ 3 3, 3 4 tt7t 3/ F7 K^f-? i: LT^at 

y^ 3 3 ( 3 4{d^"7iry hT Ki^^-r — ^Srn— Ki" 

S^tt, Ull 4^11 5<D#I^<Ot>tD(Cl£5£ 10 

[0137] ai6B, Mgjaa^c^tt^RSfBt^n 

13t©illi, 01 3f:$t2o^7t3/h7K^ 
^^^y31, 3 2Sr^B&.LT, JP*S7 0 £, 2oO 
yofz/**}) 7 1, 7 2Sr^t?^^^^^-y^^^/ h 7 
3£, a**£S7 4£il*Lfcj&Kfc5 0 
[0 13 8] 7-f^ ; ey^3'h7 3(0-*i:tt s a 
*I8*»7 4 J: 55S^Lfca*aSL2 xi y >ifi3^>9 20 
3 3 yif-^CRy t-|5]^LT«#iiStl6o - 
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